This work focuses on the dynamical behaviour and bifurcations of a vertically supported Jeffcott rotor system having a transverse crack and nonlinear stiffness characteristics at the primary, sub-harmonic, and super-harmonic resonance cases. The nonlinear restoring force due to the bearing-clearance, the crack breathing, the disc eccentricity, and the orientation angle between the crack and imbalance direction are considered in the system model. The equations governing the system motion are derived and solved analytically by applying the Multiple Scales Perturbation Technique (MSPT). The slow-flow modulating equations are obtained and the spinning speed response curve is plotted. The whirling orbit and amplitude spectrum are constructed in the three considered resonance cases. The acquired results provide a better understanding of the main reasons of the super-and sub-harmonic resonance excitations. In additions, we concluded that the suitable resonance case that can be used for early detections of the cracks in the rotating shafts is the sub-harmonic resonance case. Finally, the obtained results are confirmed numerically and compared with the work published in the literature.
NOMENCLATURE y 1 ,ẏ 1 ,ÿ 1 Dimensionless displacement, velocity, and acceleration of the disc geometric center at Y 1 -direction y 2 ,ẏ 2 ,ÿ 2 Dimensionless displacement, velocity, and acceleration of the disc geometric center at Y 2 -direction a 1 , a 2 Dimensionless whirling amplitudes of the disc geometric center at Y 1 and Y 2 -directions. µ 1 , µ 2 Dimensionless linear damping coefficients at Y 1 and Y 2 -directions, respectively. ω
Dimensionless linear natural frequency of the cracked system. β
Dimensionless cubic nonlinearity coefficient. Ω Dimensionless spinning speed of the disc. γ
The orientation angle between the crack direction and imbalance direction. f
Dimensionless disc-eccentricity magnitude. α
Dimensionless parameter representing the relative reduction of the shaft-stiffness due to the crack.
INTRODUCTION
Rotating machines have an important role in modern industry due to their numerous applications such as automobile engines, turbo-machinery, pumps, high-speed compressors, generators, aerospace, steam and gas turbines, etc. The existence of vibration in such machines is an inherent phenomenon, which initiates because of the dynamic interaction between the stator and rotating parts, the shaft cracks, and the mass imbalance. The existence of cracks in a machine shaft can eventually lead to catastrophic failures and dangerous accidents. There-fore, studying the dynamic behaviour of cracked rotors has received considerable attention of researchers for many years.
Comprehensive reviews on the dynamic behaviour of a rotor system with transverse cracks have been presented by Wauer 1 and Dimarogonas, 2 where the authors reported many dynamical phenomena that can be used to diagnose the presence of cracks on machine rotors. Gasch 3 investigated the dynamic behaviours of a simple rotor system with a transverse crack on its shaft by using the hinge model. Based on the breathing crack model, the equations of motion for a simple rotor system has been formulated and studied by Jun, et al. 4 The authors reported that the vibration behaviour due to the shaft crack could be recognized from the second horizontal harmonic components measured near the second harmonic resonant speed. Cheng, et al. 5 discussed the influences of the orientation angle between the crack direction and the imbalance eccentricity on the vibrations level of a cracked Jeffcott rotor system at synchronous whirling. They concluded that the maximum vibration peak occurs when the orientation angle is zero, while the minimum vibration peak happens at orientation angle equal to π.
Sinuou and Lees 6 applied the alternate frequency/time domain approach to analyze the dynamic response of a rotor system having a breathing crack. It was found that the change of the dynamic characteristics of the rotor system near half of the resonant speed is a positive indication of the presence of a breathing crack. Sinuou and Lees 7, 8 introduced nonlinear studies to the rotor system with a cracked shaft. The harmonic balance and the continuation method have been combined to analyze the system periodic motion. The authors concluded that the whirling motion at half the critical speed and at the critical speed could be considered as indicators of the existence of a breathing crack. In addition, Sinuou 9 studied a cracked rotor system numerically with the crack breathing model. He
